Post-mortem myoliquefaction, commonly referred to as 'soft flesh','milky condition' or 'jellied meat' of wild and cultured fishes is a well-known disease which is caused by myxozoan parasites, mostly belonging to the genus Kudoa. Muscle degeneration is due to the pro teolytic enzymes possibly released from the pre sporogonic plasmodia of the parasite (Stehr and Whitaker, 1986) . Although there was no observable ef fect on physiology, behavior, or survival of the host fish, Kudoa infections have been of concern to aquaculture and commercial fisheries due to their negative impact on product quality (Moran et al., 1999a) .
Kudoa is com prised of more than 40 identified species (Moran et al., 1999 a; Swearer and Robertson, 1999) , and the following have been reported as causative agents of post-mortem myoliquefaction (Moran et al., 1999a) : K. clupeidae in Atlantic herring (Clupea harengus), K. cruciformum in Japanese sea bass (Lateolabrax japonicus), K. funduli in mummichog (Fundulus heteroclitus), K. histolytica in Atlantic mackerel (Scomber scombrus), K. mirabilis in ribbonfish (Trichiurus haumela), K. musculoliquefaciens in swordfish (Xiphias gladius), K. paniformis in Pacific hake (Merluccius productus), K. peruvianus in Chilean hake (Merluccius gayi), K. rosenbuschi in Argentine hake (Merluccius hubbsi) and K. thyrsites in farmed Atlantic salmon (Salmo salar) and various marine fishes.
Since the late 1980's, aquaculture of Japanese flounder (Paralichthys olivaceus) has expanded rapidly, and its annual production has reached approximately 7,000 metric tons in recent years. Japanese flounder is usually raised in land-based tanks with running seawa ter, and on occasion, several parasitic infections, e.g., ciliates and monogeneans, have become fatal problems (Ogawa and Yokoyama, 1998) . Accompanied by diver sification of cultured fish species, growing interest of Chinese sea bass (Lateolabrax sp.) culture has led to the increased importation of seedlings to Japan from China. As opposed to the Japanese sea bass (Lateolabrax japonicus), Chinese sea bass has a greater tolerance to brackish or fresh water and a faster growth rate, suggesting that it is a promising species for marine finfish aquaculture. Recently, muscle liquefaction was observed in fillets of cultured Japanese flounder and Chinese sea bass, and stellate Kudoa spores were detected in these in fected tissues.
In the present study, we conducted morphological and molecular analyses of the parasites with the aim of identifying the causative organisms. Myxozoan small subunit (SSU) sequences for avail able for members of the order Multivalvulida of approxi mately 1600 bp were aligned with ClustaIX (Thompson et al., 1997) and examined by eye. A single variable sequence region of approximately 100 bp was realigned with Malign (Wheeler and Gladstein, 1994) with 10 random sequence additions, an internal gap cost of 3, extra gaps cost 1, and tree bisection and reconnection branch swapping.
The following sequences (with GenBank accession numbers) were used: Ceratomyxa shasta ( Phylogenetic analyses of aligned sequences was conducted using PAUP*4.0b1 (Swofford, 1998) . Parsi mony analysis used the heuristic search algorithm with 50 random additions of sequences and tree bisection reconnection (TBR) branch swapping. Bootstrap val ues were calculated with 1000 replicates using the heu ristic search algorithm with simple sequence addition and TBR branch swapping.
Distance and maximum likelihood analyses were also performed. Distances were calculated using the HKY85 evolutionary model and a tree was constructed with the neighbor-joining method. Maximum likelihood (ML) also employed the HKY85 model and a heuristic search algorithm with 10 random sequence additions and TBR branch swapping. Bootstrap values were calculated with 100 replicates for distance and MI trees
Results

Diagnosis
Based on visual observations of 'soft flesh' in har vested fish, the incidence in Japanese flounder appeared to be very low (less than 1%), whereas that in Chinese sea bass was 15% (3 out of 20) at one farm site No marked variation of disease incidence in differ ent localities was observed
The somatic musculature of affected Japanese flounder and Chinese sea bass exhibited a similar sign of the disease, a multifocal, pale blemish distributing sporadically in the trunk muscle, or generalized liquefaction in heavily infected fish (Fig  1) Microscopic examination revealed that spores from Japanese flounder were consistent with those of K thyrsites (Fig 2) , though the spore dimensions are van able among the host species and the localities ( 
Discussion
Based on morphology and molecular analysis, the myxozoan from Japanese flounder was identified as K. thyrsites, one of the most noteworthy myxozoans of the order Multivalvulida, as it causes post-harvest myoliquefaction (Moran et al., 1999a) . Kudoa thyrsites has been described from 35 fish species from several families around the world, e.g., pen-cultured Atlantic salmon (Salmo salar) and wild-caught flatfish (Paralichthys adspersus) from Chile (Castro and Burgos, 1996) . In Japanese waters, three wild host species, Japanese anchovy (Engraulis japonicus), flying fish (Cypsilurus ago) and dolphin fish (Coryphaena hippurus) have been reported to be parasitized by K. thyrsites (Matsumoto, 1963; Langdon et al., 1992) . The present study is the first report of K. thyrsites from farmed fish in Japan, implying that K. thyrsites infection may be a potential threat not only to Japanese flounder culture but to other fish species culture in Japan, due to the parasite's broad host range. Morphological and molecular analyses demon strated that the myxozoan from Chinese sea bass was distinct from hitherto described species of Kudoa, and assigned to a new species as K. lateolabracis n. sp. Parsimony analysis suggested that K. lateolabracis n. sp. was most closely related to K. minithyrsites (Fig. 6) , and both have spores resembling K. thyrsites except that they are smaller. We concluded that these myxozoan were separate species based on differences in spore size, hosts and geographic locations.
In addition, analysis of SSU rDNA sequences indicates that they are different; on average, K. lateolabracis n. sp. is 2.5% dis tant from K. thyrsites, whereas the most distant sequences between K. thyrsites samples, based on 4 sequences in GenBank from representative hosts around the world, is 1.0%. At first, we suspected that K. lateolabracis n. sp. might be conspecific with K. cruciformum which was pre viously reported from Japanese sea bass. However, the spore morphology distinctly separated them into the two different species (Table 1) . Kudoa cruciformum was originally described as Neochloromyxum cruciformum, having two spore valves (Matsumoto, 1954) . Later, however, Kudo (1966) and Shulman (1966) transferred the genus Neochloromyxum into Kudoa, assuming that the description of Matsumoto (1954) was incorrect. If this parasite really belongs to Kudoa, it might be synonymized to K. thyrsites, due to the close resemblance in morphology.
However, the identification of this parasite has been deferred until the presence of four, not two, valves is confirmed (Kabata and Whitaker, 1981; Egusa, 1986) .
The importation of exotic fish in the aquaculture industry has often led to the emergence of new infec tious diseases (Wakabayashi, 1996) . Recently, a new pathogenic myxozoan, Henneguya lateolabracis, caus ing the cardiac henneguyosis of Chinese sea bass has been reported from Japan, and it was considered to be an emerging disease associated with the introduction of exotic fish (Yokoyama et al., 2003) . The two Kudoa myxozoans in the present study are also derived from the imported fish, and thus it is likely that these parasites were translocated by the fish movement.
No marked tendency in geographical distribution of K. lateolabracis within Ehime Prefecture suggests that the origin of the parasite is China. It is also possible that the fish were infected by the parasites indigenous to Japan during the growing period in Japanese waters. To clarify the origin of the myxozoans, further epizootiological studies in cultured, wild and imported fishes are required.
The failure of experimental infection of K. thyrsites spores suggested that direct fish-to-fish transmission does not occur in Kudoa infections (Moran et al., 1999 b) .
It is presumed that alternate invertebrate hosts (e.g., oligochaetes, polychaetes) are involved in the life cycle of marine myxozoans as in freshwater counter parts. The worldwide distribution of K. thyrsites sug gests that the alternate host is a cosmopolitan species of some invertebrate worms. Langdon et al. (1992) also suggested that the abundance of several wild fish acting as natural reservoirs of infection contributes to the epi zootics of K. thyrsites in certain locations. In designing the management and control strategies for the Kudoa infections, it is of primary importance to elucidate the life cycles and to determine the infectious stage to fish hosts.
